Folate is a water-soluble B vitamin, which plays an important role in the synthesis and methylation of DNA together with other B vitamins including vitamin B 2 , vitamin B 6 and vitamin B 12 as crucial cofactors in one-carbon metabolism (1) . Dietary inadequacies of these nutrients can contribute to negative health outcomes. For example, inadequate folate intake has been linked to the risk of anaemia (2) , neuropsychiatric disorders (3) and neural tube defects (4) . It has also been shown that insufficient intakes of folate, vitamin B 6 or vitamin B 12 are associated with elevated plasma homocysteine concentrations, a potential risk factor for CVD (5, 6) . Furthermore, folate deficiency leads to the disruption of DNA synthesis, repair and methylation (7) , which may increase the risk of developing some cancers, notably colorectal cancer (8) .
Foods rich in folate include vegetables, especially green leafy vegetables, such as spinach and beet leaf, and dried peas and lentils as well as fruits, nuts and seeds (9) . Animal sources include offal such as beef and chicken liver (9) . The synthetic form of the vitamin, folic acid, is widely used for the purpose of food fortification and food supplements. In some countries, folic acid fortification of many cereal-based food products became mandatory, e.g. in the USA (10) , Canada (11) and Chile (12) , after consideration of compelling evidence for a protective effect of periconceptional folic acid supplementation against neural tube defects (13) . However, so far, no European countries have introduced mandatory folic acid fortification, although voluntary fortification is accepted in some countries including France and the UK (14) .
Despite the suggested beneficial effects of folate on many different diseases, there has been growing concern regarding possible adverse effects of excessive levels of folate intake (13,15 -17) . Increased folic acid intake has been shown to have the potential for masking the diagnosis of a vitamin B 12 deficiency, particularly in the elderly (18, 19) . In addition, animal and human studies have reported that a high dose of folic acid may promote the progression of already existing premalignant and malignant lesions, particularly in colorectal cancer settings (20 -22) . It is therefore important to monitor folate status of those groups of people who are at an increased risk of cancer and who are more likely to be exposed to higher doses of folic acid intakes (23) besides those who are at a risk of low folate intake.
Deharveng et al. (24) reported earlier a lack of clarity and consistency in the terminology and definitions used for folate information in the food composition tables available in nine countries participating in the European Prospective Investigation into Cancer and Nutrition (EPIC) study. More recently, an evaluation of folate data in eighteen European and international databases concluded that a lack of comparability still exists between countries (14) . Consequently, studies that estimated dietary folate intakes across European countries to date relied on each country's own food composition data which tend to be heterogeneous (25 -27) . Thus, there is a great need to develop a more accurate and standardised database to enhance comparability and consistency of folate data across Europe.
In the absence of a reference European nutrient database, the EPIC Nutrient DataBase (ENDB) project was initiated to harmonise separate nutrient databases using common procedures and guidelines, with support from the local national compilers in ten countries in the EPIC (28) . The ENDB was first completed for twenty-six priority components to provide a standardised reference instrument for calibrating the EPIC dietary measurements at the nutrient level (29) . This work has been extended to cover other nutrients including folate, and has just been completed (30) . In the present descriptive study, we present and compare the levels and food sources of dietary folate intake obtained by means of a single 24 h dietary recall (24-HDR) collected from a representative sample of the EPIC cohort using standardised folate concentration data, recently compiled as an extension of the ENDB.
Materials and methods

Study population, design and dietary assessment
The rationale and methods of the EPIC study have previously been described in detail (31 -33) . The EPIC cohort consists of twenty-three subcohorts in ten European countries (Denmark, France, Greece, Germany, Italy, The Netherlands, Norway, Spain, Sweden and UK), providing a wide range of cancer occurrence rates, lifestyle and dietary habits. EPIC participants were mostly recruited from the general population residing within defined geographical areas between 1992 and 2000, with some exceptions: women members of a health insurance for school employees (France); women attending breast cancer screening (Utrecht, The Netherlands); blood donors (some centres in Italy and Spain) and a cohort consisting predominantly of vegetarians ('health conscious' cohort in Oxford, UK). In France, Norway, the Utrecht centre of The Netherlands and in the Naples centre of Italy, all participants were women. For the purposes of the present study, the initial twenty-three EPIC administrative centres have been redefined into twenty-seven geographical regions relevant to the analysis of dietary consumption patterns (34) . Approval for the study was obtained from the ethical review boards of the International Agency for Research on Cancer (Lyon, France) and from all local recruiting institutes. All EPIC participants provided informed consent.
Within the design of the EPIC study, a subsample of each study centre was randomly (age, sex stratified) chosen for the application of a standardised 24-HDR assessment gathered by means of a computerised software (EPIC-Soft w ; International Agency for Research on Cancer, Lyon, France) (35, 36) . This subcohort is referred to as the EPIC Calibration substudy and was undertaken between 1995 and 2000. Each participant provided a single 24-HDR in a face-to-face interview (35) , except in Norway where it was obtained by a telephone interview (37) . In total, complete 24-HDR information was available from 36 994 participants (13 486 men and 23 508 women), representing approximately 8 % of the entire EPIC cohort. This sample has been shown to be a reasonably representative sample of the entire EPIC cohort (34) . A total of 36 034 participants with 24-HDR data were included in the present analysis, after exclusion of 960 participants under 35 or over 74 years of age because of low participation in these age categories. Using the EPIC-Soft w , information on the intake of all foods and beverages was collected, described, quantified and coded according to common rules. The classification of the EPIC-Soft w food groups and food subgroups used in the calibration study is derived from a system described in detail elsewhere (34) .
Dietary folate intake was estimated using the updated ENDB (30) . Although the ENDB values were obtained from country-specific food composition tables, they were standardised as much as possible across the EPIC countries by matching of the EPIC foods to the national databases according to the recommendation from the recent review (14) . In particular, a microbiological assay was chosen as the reference analytical method for folate values in the ENDB. Folate values of unavailable foods were derived by values either from recipe calculation or borrowed from similar foods (30) . During the ENDB compilation for folate, particular attention has been given to the issue of fortification of breakfast cereals, particularly in the UK and France as their cereal consumption was substantially higher compared with other EPIC countries. In Scandinavian countries and in The Netherlands, fortification was not allowed at the time of data collection. In other EPIC countries, breakfast cereal consumption was very low and the information on folic acid-fortified foods was not always available (14) . It was therefore decided not to adopt the dietary folate equivalent conversion, which considers different bioavailability of naturally occurring folate and synthetic folic acid.
Data on age as well as body weight and height in most centres were self-reported by the participants during the 24-HDR interview. Data on other lifestyle factors, including total physical activity, educational level, smoking history and alcohol intake, considered in the present analysis were collected at baseline through standardised questionnaires and clinical examinations, and have been described elsewhere (31,34,38 -40) . The physical activity questions being asked in the Umeå (Sweden) and Norwegian centres were different from the EPIC core questions (40) and the information was omitted from the analyses of the present study. The mean time interval between these baseline questionnaire measures and the 24-HDR interview varied by country, from 1 d to 3 years after (34) .
The folate data described here come from food intakes only, as our main interest is in dietary folate levels in European populations (not from dietary supplements). However, we present the level of dietary folate intake of those who reported being dietary supplement users compared with those who did not, as they may differ from each other with regard to dietary characteristics (41) . Dietary supplement information was obtained at the end of the 24-HDR with a question, 'Did you take any dietary supplements?' with yes or no answers, followed by further questions on the name of the supplements, the frequency of use on the recalled day and the number of units taken per consumption occasion (42) . For the present study, a dietary supplement user was defined as any subject who reported taking at least one dietary supplement on the recalled day. A folic acid-containing supplement user was defined as any subject who reported taking at least one dietary supplement containing folic acid on the recalled day. Nevertheless, it should be noted that quantitative nutrient data derived from food supplements were not available for the present study.
Statistical methods
Folate intake (mg/d) was calculated as least square means and standard errors by sex, age (10-year categories from 35 -74 years) and EPIC centre (ordered according to a geographical south -north gradient). The mean intake was adjusted for age, total energy intake, weight and height and weighted by season of the 24-HDR collection (spring, summer, autumn and winter) and day of the week of recall (Monday to Thursday; Friday to Sunday) to control for different sampling procedures of the 24-HDR interviews across seasons and days of the week.
Stratified analyses were performed to describe differences in folate intake levels according to level of physical activity (inactive, moderately inactive, moderately active and active; data completeness . 86 %), smoking status (never smoker, former smoker and current smoker; completeness . 98 %), daily alcohol intake (abstainers, ,12 g/d, 12 to , 24 g/d and $ 24 g/d, as presented in an earlier report (43) ; no missing data), educational level (none/primary, technical/secondary, university or higher; completeness . 98 %) and season (spring, summer, autumn and winter; no missing data). When analyses were stratified by season, the mean intake of folate was not weighted by season. Further analyses were stratified by dietary supplement use (yes, no). In the stratified analysis, sex-and centre-specific mean intakes are presented across variables of interest in main tables. Tests for trend were performed by allocating scores for participants in each category of lifestyle factors. P values were derived from t tests for continuous variables. The main food groups contributing to folate intake are presented as the mean percentage of intake (percentage of total intake, derived from the unadjusted 24-HDR data); the contribution of a subgroup was given as a percentage of the food group. The categorisation into food groups and food subgroups is common across the centres and is adapted from the EPIC-Soft w food classification system as described elsewhere (36, 44) . All analyses were conducted using SAS statistical software (version 9.1, SAS Institute, Cary, NC, USA). Table 1 shows the adjusted mean folate intake (mg/d) presented by each centre and age categories at recruitment in men and women. Daily folate intake in all centres, except in the UK health conscious group, ranged from 250 to 350 mg/d in men and 200 to 300 mg/d in women. Intake was higher in centres in Spain, France and in the UK general population and was relatively low in the Swedish centres, especially in Malmö in both men and women, but with no obvious geographical gradient ( Fig. 1 ). In the UK health conscious group, where participants are mainly vegetarians or vegans, folate intake was markedly higher, averaging approximately 480 mg/d in men and approximately 360 mg/d in women. There was neither a consistent nor a strong trend observed in folate intake across age categories, although it tended to increase with age in men from Greece, Asturias (Spain) and Heidelberg (Germany) and women from Ragusa (Italy), The Netherlands and South and East Norway. Additional adjustment for smoking status and alcohol consumption did not materially alter the results in men and women (data not shown).
Results
Intake of folate
Intake of folate stratified by lifestyle factors, educational level and season
Tables 2 and 3 present adjusted folate intake in each centre according to lifestyle factors in men and women. There were no systematic differences observed in the levels of folate intake when participants were stratified according to different physical activity levels ( Table 2) . Compared with those with lower educational level, participants with university or higher degree were likely to report higher folate intake, with the tendency being clearer in women ( Table 2) . Folate intake varied according to smoking status and level of alcohol 263·1  11·9  276·5  5·8  289·3  8·1  0·01  Germany  Heidelberg  268·6  6·9  268·7  6·8  276·0  7·4  0·32  208·2  6·4  240·5  4·7  254·7  6·9  0·14  Potsdam  244·3  8·2  254·4  6·6  268·1  5·3  0·05  222·9  6·6  231·1  4·8  232·9  6·7  0·22  The Netherlands  Bilthoven  291·2  11·2  288·6  5·4  304·0  7·9  0·43  247·5  8·9  237·9  4·2  257·2  7·0  0·66  Utrecht  238·3  5·1  262·3  3·3  280·7  6·6  0·05  United Kingdom  General population  339·4  17·9  355·8  9·5  334·0  13·3  0·85  287·2  10·8  286·5  6·8  274·7  10·9  0·30  Health conscious  --512·0  23·9  455·3  17·0  --381·7  13·1  351·2  11·2  Denmark  Copenhagen  283·8  6·6  298·5  5·6  307·1  6·4  0·09  231·3  5·5  253·9  3·6  268·4  7·9  0·08  Aarhus  297·0  9·7  305·1  8·3  312·0  10·9  0·03  241·0  8·9  265·8  6·1  270·7  16·2  0·24  Sweden  Malmö  229·4  5·3  235·0  6·2  248·9  7·3  0·15  188·5  4·2  205·4  4·3  213·6  5·6  0·13  Umeå  238·0  5·9  256·0  5·5  272·7  7·7  0·01  199·6  5·2  215·4  4·1  238·7  5·2  0·07  Norway  South and East  211·5  8·5  228·7  4·3  247·8  8·6  0·02  North and West  208·5  8·3  218·1  4·8  215·9  11·0  0·48 * Adjusted for age, total energy intake, weight and height and weighted by season and day of recall. † P trend was derived by allocating scores for participants in each category of lifestyle factors. Italy  Ragusa  298·2  18·5  290·3  14·6  322·3  21·2  0·49  231·2  14·4  210·3  20·7  209·5  15·2  0·31  Naples  237·3  7·8  233·5  12·2  215·9  9·9  0·23  Florence  283·3  15·3  309·3  11·5  302·9  16·1  0·48  253·1  5·6  269·9  8·0  246·2  7·4  0·82  Turin  302·7  9·6  305·4  7·6  303·1  9·8  0·91  258·9  7·1  255·2  11·7  245·8  13·5  0·16  Varese  250·0  12·1  271·9  11·4  266·3  14·9  0·49  229·0  4·7  213·7  10·5  202·2  9·8  0·05  France  South coast  294·0  5·1  277·6  10·9  266·5  17·7  0·07  South  285·4  3·5  269·0  6·4  270·1  11·3  0·37  North-east  272·1  2·9  282·2  5·7  289·9  9·4  0·05  North-west  280·4  5·3  272·9  9·4  261·1  15·9  0·08  Germany  Heidelberg  267·5  7·2  285·1  6·0  243·9  8·6  0·61  248·1  4·8  222·0  5·9  216·8  7·4  0·23  Potsdam  267·7  6·9  261·0  5·3  242·8  7·9  0·17  230·4  4·3  238·1  6·8  207·1  8·8  0·49  The Netherlands  Bilthoven  306·7  8·4  295·2  6·6  280·4  6·9  0·04  256·5  5·7  243·2  5·9  225·8  5·8  0·05  Utrecht  268·7  3·8  260·1  4·4  237·8  5·8  0·16  United Kingdom  General population  348·1  10·8  350·3  9·7  326·3  15·7  0·39  285·0  5·9  291·2  8·6  265·3  14·7  0·48  Health conscious  463·6  19·3  479·6  19·1  509·1  28·2  0·11  370·6  9·6  350·1  13·8  280·1  51·5  0·20  Denmark  Copenhagen  303·3  6·5  296·1  6·8  291·6  6·3  0·08  256·5  4·1  256·0  5·5  228·8  5·8  0·32  Aarhus  302·5  10·7  319·6  8·9  288·0  9·2  0·70  268·5  7·1  255·8  9·2  243·3  9·5  0·004  Sweden  Malmö  239·3  6·3  242·6  5·4  222·6  7·0  0·43  203·1  3·9  207·7  5·0  192·0  5·5  0·52  Umeå  261·5  5·0  249·1  6·5  235·5  8·8  0·02  221·0  3·4  216·2  6·7  204·9  6·7 Germany  Heidelberg  293·8  10·3  273·3  8·6  288·9  9·9  254·6  6·0  0·26  254·2  7·2  235·9  5·4  221·3  5·2  0·04  Potsdam  263·3  8·2  261·9  7·9  251·0  7·7  259·0  6·3  0·44  241·4  6·3  223·7  5·0  226·6  6·4  0·43  The Netherlands  Bilthoven  300·9  7·0  304·0  13·1  281·9  10·5  285·8  6·5  0·20  256·6  4·7  232·8  8·0  223·2  5·9  0·15  Utrecht  269·5  3·7  250·7  6·2  248·5  4·3  0·27  United Kingdom  General population  343·9  10·7  340·0  15·6  366·9  16·9  337·7  11·5  0·92  302·7  6·7  292·7  10·0  258·0  7·9  0·20  Health conscious  515·0  18·0  379·1  29·4  485·2  38·9  482·3  23·2  0·98  381·2  11·5  376·7  16·1  322·3  14·0  0·29  Denmark  Copenhagen  315·7  7·5  311·5  14·0  298·8  8·8  286·1  4·8  0·02  250·7  4·6  272·2  8·4  243·2  4·0  0·84  Aarhus  322·1  10·0  298·4  25·8  308·4  13·3  290·5  7·8  0·20  265·2  7·5  252·4  13·8  251·8  7·1  0·31  Sweden  Malmö  238·6  5·6  240·7  6·8  242·8  9·2  222·1  7·8  0·35  200·3  3·7  203·9  5·1  200·5  5·8  0·96  Umeå  249·7  4·8  265·3  7·5  250·0  11·3  247·9  10·0  0·67  218·1  3·4  222·4  5·8  204·4  7·6  0·48  Norway  South and East  231·8  4·3  229·2  9·6  211·0  7·4  0·26  North and West  215·2  4·6  218·0  11·7  208·0  9·2  0·51 * Adjusted for age, total energy intake, weight and height and weighted by season and day of recall. † P trend was derived by allocating scores for participants in each category of lifestyle factors.
intake (Table 3) . Though not entirely consistent in all centres, the mean intake of folate was lower among current smokers and among heavier alcohol drinkers. No systematic variations were observed for folate intake according to the season of 24-HDR collection, although folate intake in southern European countries seemed lowest in summer (see Table S1 of the supplementary material, available online at http://www. journals.cambridge.org/bjn).
Dietary supplement use and folate intake
On average, approximately 22 % of men and 34 % of women reported using any type of dietary supplements during the recalled day, of which 33 and 25 %, respectively, reported using folic acid-containing supplements ( Table 4 ). Total dietary folate intake was generally higher in users of any type of supplement in most centres. An exception to this was men in the UK health conscious group, where more than 50 % of the participants were supplement users. The proportion of folic acid-containing supplement users was low, especially in participants from the southern European countries (Table 4 ). Dietary folate intake among those who consumed folic acid-containing supplements varied across the countries.
Common dietary sources of folate intake Table 5 shows the main food groups contributing to the intake of folate in men and women in each country. Among all the food groups, vegetables, cereals and fruits, nuts and seeds were the main contributors of dietary folate intake in all centres ( Fig. 2 and see Table S2 of the supplementary material, available online at http://www.journals.cambridge.org/bjn). On the one hand, vegetables in Greece and Italy accounted for approximately 30 % of folate intake in men and more than 30 % in women. There was a clear north -south difference in the source of vegetable contribution to folate intake, with leafy and fruiting vegetables being the major vegetable source of folate in the southern countries and cabbages and root vegetables being the major vegetable source in the northern countries ( Fig. 3) .
On the other hand, cereals were the most important dietary source of folate intake in both men and women in the UK general population, where breakfast cereals accounted for 43 % of cereal and cereal products as source of folate (Fig. 4) . This was quite distinctive from other centres where bread was the main source of folate intake among cereal products, contributing more than 80 %. An exception to this was Italy, where pasta, rice and dough such as pizza together with bread were the major cereal-based source of folate intake.
Both non-alcoholic (e.g. fruit and vegetable juices) and alcoholic beverages (e.g. wine and beer) were also some of the main sources of folate intake in the northern countries ( Table 5 ). In the UK health conscious group, the condiments and sauces and miscellaneous food groups (consisting primarily of special vegan/vegetarian food items including soya-based products and non-dairy cheeses) were found to account for 15 % of folate in men and 13 % in women while these food groups contribute less than 2 % of intake in all other centres (Fig. 2) .
Discussion
In the present study, we compared standardised dietary folate intake across ten European countries according to selected lifestyle factors and major contributing food sources. Dietary folate intake did not differ greatly between centres apart from the UK centres, especially the UK health conscious group where a much higher intake was observed compared with other centres. The average dietary folate intake observed in the present study without the UK health conscious group was 307 mg/d for men and 252 mg/d for women, after adjusting for participants' age, total energy intake, weight and height and the effect of season and day of recall.
There have been few published data that investigated the level of dietary folate intake at the national level across European countries. A study by de de Bree et al. (25) reported mean dietary folate intake in 18 -64-year-old adults of 291 mg/d (range 197-326) for men and 247 mg/d (range 168-320) for women in nine European countries by reviewing their national food consumption surveys. In 2005, a final report on the European project on folate estimated that average dietary folate intakes in participants aged 18 -90 years were 283 mg/d (range 218-352) for men and 238 mg/d (range 207-284) for women in eight European countries on the basis of each country's food consumption and food composition data (27) . It is not clear in these studies whether folate values were adjusted for energy intake and other covariates. More recently, the European Nutrition and Health Report has summarised that dietary folate equivalent (i.e. 1 mg food folate ¼ 0·5 mg folic acid ¼ 0·6 mg folic acid taken with meals, values unadjusted) ranged from 203 to 494 mg/d in men and 131 to 392 mg/d in women aged 19 -64 years in twenty-one participating countries (26) .
While these studies provide an overview on the folate status in European countries attempting to use nationally representative data, none of these used a standardised nutrient database across countries, limiting the comparability of the studies included in each report due to the use of different dietary assessment methods, different years and periods of data collection and different age classifications. It has also been pointed out that quantification methods, terminologies and mode of expression used in folate data varied across food composition tables in different countries in the absence of a reference European nutrient database (14) . We describe for the first time the dietary folate intake in ten European countries using a folate database that has been standardised across those countries.
In the present study, we observed a relatively high dietary folate intake in both of the UK centres. In the UK, folic acid has been added to most breakfast cereals since 1987, with the amount of added folic acid being further increased in 1994, followed by a considerable increase in dietary folate intake (45) as well as in blood folate levels (46) . Considering that cereal and cereal products, notably breakfast cereals, were the main contributor of folate intake, high folate Denmark  980  301·9  4·3  943  296·2  4·2  0·33  1312  259·1  3·1  682  238·4  4·2  , 0·001  Sweden  843  254·2  4·6  1922  241·5  3·1  0·02  1392  211·3  3·0  1893  207·1  2·5  0·27  Norway  1088  225·3  3·5  709  215·9  4·1  0·07  Folic acid-containing supplement user  Greece  1  668·1  1310  330·3  3·7  -2  329·5  62·6  1371  257·8  3·1  -Spain  3  195·3  74·5  1774  316·1  3·2  -8  239·7  35·6  1435  255·3  3·0  -Italy  2  267·3  104·8  1440  293·8  3·5  -5  269·7  54·0  2506  239·1  2·2  -France  121  286·8  9·7  4614  278·1  1·7  0·38  Germany  7  267·7  51·6  2260  263·8  2·8  -22  237·4  25·4  2126  231·8  2·4  0·83  The Netherlands  40  299·3  20·4  984  291·4  4·3  0·71  174  260·3  8·3  2782  252·5  2·1  0·36  United Kingdom  General population  21  320·2  27·7  381  345·7  6·7  0·37  43  296·6  16·5  527  284·3  4·8  0·48  Health conscious  12  516·6  40·4  102  475·0  12·9  0·33  14  323·0  26·7  183  366·1  8·2  0·12  Denmark  608  303·6  5·5  1315  296·9  3·6  0·30  773  258·8  4·0  1221  247·5  3·1  0·02  Sweden  255  245·8  8·4  2510  244·7  2·7  0·91  494  212·6  5·0  2791  208·0  2·1  0·39  Norway  285  225·6  6·5  1512  220·9  2·9  0·51 * Adjusted for age, total energy intake, weight and height and weighted by season and day of recall. † Any type of supplement user was defined as any subject who reported taking at least one dietary supplement on the recalled day. ‡ Folic acid-containing supplement user was defined as any subject who reported taking at least one dietary supplement containing folic acid on the recalled day. § P value was derived from t tests and is not presented for comparisons with fewer than ten persons. 8·1  20·8  3·1  10·0  10·6  20·4  7·0  1·6  2·3  3·9  4·7  4·2  96·6  Greece  4·5  29·7  6·8  9·9  8·5  27·7  2·9  1·6  1·5  1·2  2·3  1·5  98·0  Spain  6·3  24·6  11·4  14·0  6·4  12·6  6·7  3·3  4·3  2·2  2·2  1·9  96·0  Italy  4·0  30·0  1·8  12·4  6·1  24·9  7·4  1·2  1·5  3·9  1·7  1·4  96·2  Germany  8·0  19·3  0·4  10·7  10·7  20·1  6·1  0·7  1·8  4·0  7·1  7·7  96·5  The Netherlands  8·4  19·2  0·4  9·9  13·1  16·4  10·7  0·7  2·0  2·3  7·0  6·3  96·5  United Kingdom  7·8  17·8  2·7  7·8  8·2  26·3  2·7  0·8  1·2  3·4  9·9  3·0  91·6  General population  8·5  17·4  2·0  6·0  9·8  27·2  3·4  1·0  1·4  3·7  10·7  3·4  94·6  Health conscious  5·9  18·8  4·6  12·7  3·9  24·0  0·8  0·1  0·6  2·4  7·9  1·8  83·6  Denmark  8·2  14·8  0·2  6·5  15·9  21·1  11·6  1·7  2·3  4·5  5·4  6·1  98·4  Sweden  14·4  14·5  0·6  8·0  13·4  19·4  5·8  1·6  2·5  7·5  4·9  3·9  96·5  Women  All women  6·1  25·2  1·4  12·7  13·6  16·3  5·4  1·4  2·1  4·2  6·9  1·0  96·3  Greece  4·2  33·6  5·0  11·2  10·3  22·9  2·1  1·4  1·6  2·0  3·9  0·5  98·5  Spain  5·8  27·0  6·9  18·3  9·7  9·9  4·9  2·7  3·4  3·2  3·3  0·8  95·9  Italy  3·2  32·0  2·0  15·6  8·1  20·1  5·1  1·0  1·8  4·8  2·4  0·5  96·6  France  4·6  28·5  1·0  12·8  16·4  12·6  6·2  1·5  1·8  3·3  5·8  0·6  95·1  Germany  6·7  25·6  0·2  13·4  12·8  16·9  3·8  0·6  1·8  4·1  8·9  1·7  96·9  The Netherlands  6·9  21·6  0·4  12·4  16·5  13·1  7·4  0·6  2·1  2·9  12·0  0·9  96·7  United Kingdom  6·4  22·4  2·6  9·7  9·3  22·7  2·2  0·9  1·2  3·5  11·0  0·6  92·6  General population  6·9  21·1  2·0  8·7  10·9  24·6  3·0  1·0  1·5  3·6  11·7  0·6  95·6  Health conscious  5·4  25·3  3·9  12·2  5·7  18·5  0·4  0·5  0·7  3·3  9·4  0·5  85·8  Denmark  6·2  19·9  0·2  10·7  15·9  20·8  6·3  1·5  2·3  4·8  7·5  2·1  98·3  Sweden  10·5  19·7  0·4  11·4  13·7  16·2  4·9  1·6  2·6  7·7  5·9  1·6  96·2  Norway  6·8  20·3  0·2  10·9  12·5  19·4  6·0  2·2  2·6  5·6  9·8  1·2  97·5 intake in the UK centres may be partly explained by voluntary fortification of breakfast cereals. Indeed, in the other EPIC countries, breakfast cereals were not a big contributor of folate intake, as they are neither much consumed nor widely fortified. In addition to the relatively high cereal consumption, the vegetarian diet practised in the UK health conscious group resulted in an exceptionally high dietary folate intake compared with the other centres included in the present study. Vegetarian (legume/soya-based) dishes are a good source of folate and the consumption of these food items (categorised as miscellaneous foods in the present study) in this health conscious group was four (e. pared with The Netherlands or France) to forty times (compared with Greece) as high as the one in other EPIC countries (data not shown).
We also showed some different patterns in the dietary folate intake between the southern and northern European countries. While the intake of folate did not differ statistically significantly according to the season that the 24-HDR was collected, folate intake in Greece, Spain and Italy appeared to be lower in summer compared with the northern countries. This may be partly due to the fact that the green leafy vegetables, one of the major dietary source of folate in those countries, are broadly known as an early-spring or a late-autumn crop (47) . Furthermore, both alcoholic and nonalcoholic beverages contributed to a greater proportion of folate intake in the northern countries. It should be noted that there was an approximately 10-fold difference in nonalcoholic beverage consumption between the southern and northern countries (data not shown). A higher proportion of folate intake was accounted for by alcoholic beverages in countries such as Germany, The Netherlands, the UK and Denmark, where beer, a source of folate, is the main source of alcohol consumption (43) . Men, in general, in the present study had a substantially higher folate intake than did women. This may be attributed to the fact that men tend to have larger body size and to consume more food compared with women. These differences in folate intake between men and women seemed slightly larger (approximately 45 %) in the southern European centres compared with those in the northern centres. This may reflect to some extent a different dietary pattern which is specific to each sex and to each centre. For example, consumption of vegetables, especially leafy vegetables, one of the biggest source of dietary folate, was much higher in men compared with women in the southern countries such as Greece, Spain and Italy, while little difference by sex was observed in northern countries (48) . Similarly, consumption of cereal, meat and certain alcoholic beverages, which were also the sources of folate intake, was considerably higher in men from the southern countries compared with women (data not shown).
In the case of beer and wine consumption, there was up to a 5-fold difference in the level of consumption in men and women in those countries (43) . The present results also showed that folate intake tended to be lower among current smokers and heavier alcohol drinkers. Previous studies have found that smokers have lower plasma and erythrocyte folate concentrations compared with non-smokers (49 -52) even after adjusting for dietary folate intake (50, 52) . Similarly, heavy alcohol drinkers have been observed to have lower circulating concentration of folate (53, 54) as well as lower dietary folate intake (55) . Chronic ethanol intake has been shown to interfere with folate metabolism (54, 56) . This indicates that smokers and heavy alcohol drinkers whose folate bioavailability is low and who may have additionally lower dietary folate intake are at an increased risk of suboptimal folate status and therefore need to be carefully monitored.
To our knowledge, this is the first and largest study that evaluated dietary folate intake using standardised methods across European countries. Dietary folate intake in the present study was derived from the ENDB, a nutrient database that has been standardised across all the countries participating in the EPIC study (28) . In addition, the 24-HDR was validated against independent biomarkers in the EPIC (57, 58) and the interview procedures were standardised, with interviewers receiving substantial training in the use of the software (36) . This comparison also benefits from the unique setting offered by the EPIC, a Europe-wide study with heterogeneity in dietary habits and in other lifestyle factors across countries (33) .
However, some limitations of the present study need to be discussed. First, in the present study, only one set of 24-HDR was collected from a large population sample with the ultimate purpose to have a good and sufficiently valid estimate of mean population intakes, and this approach was not designed to provide true long-term individual intakes due to the lack of information on intra-individual variability (59) or intake distribution (several repeated 24-HDR would have been required for this aim). Second, the 24-HDR was undertaken between 1995 and 2000 and may not reflect the most up-to-date information on folate intake in Europe. For example, voluntary fortification of foods with folic acid has been more widely practised in the European Union since 2006 under the regulation on the addition of vitamins and minerals to foods (60) . Nonetheless, the present study still provides valid and important information on the level of dietary folate intake in European countries before voluntary fortification was widespread. Further, this standardised information across European countries improves our understanding on the differences in dietary folate exposure across European countries and its relationship to cancer and other chronic diseases through studies carried out within the EPIC.
Another limitation is that not all of the EPIC centres applied population-based sampling, and thus a direct comparison of the present results to the general population of each region should be made with caution (31) . Nevertheless, the subsample used for the present study has been shown to be representative of the entire EPIC cohort (34) .
In the present study, we did not consider the differential bioavailability of food folate and folic acid added to fortified foods using the dietary folate equivalent conversion. However, apart from the UK and France, folic acid fortification was not a common practice in Europe at the time of the data collection, resulting in considerably low consumption of the folic acidfortified foods in those countries. Similarly, as mentioned earlier, the contribution of folic acid added to supplements has not been taken into account in estimating total folate intakes because although we had data for types of supplements consumed, quantitative data on dietary supplements were not available (42) . Nonetheless, folic acid-containing supplements were not one of the most frequently consumed types of supplements in this study (42) . Moreover, the primary aim of the present study was to investigate dietary folate intake from food sources in European populations with diverse dietary practices. Given the controversial role of high folic acid intakes, older adults, especially those who may have pre-existing lesions or be at risk for a marginal vitamin B 12 , should be carefully examined in total amounts of folate uptake and should be encouraged to meet the folate requirement by food sources.
In summary, we described dietary folate intake across the EPIC cohorts in ten European countries using a recently developed standardised nutrient database. The present results showing sex-and region-specific differences in folate intake may serve as a good basis for epidemiological research of cancer and other chronic diseases in relation to folate status. Considering that any dietary intake assessment methods are associated with measurement errors to some extent (61) , future priorities should be given to the use of biomarker data of folate status, in addition to the standardised dietary data, in the beneficial context of international settings.
